Introduction {#sec1-1}
============

Rheumatoid arthritis (RA) is a progressive disease that can lead to joint deformity, destruction, and disability, with various manifestations.^[@ref1]^ Disease activity score (DAS28) is usually used to monitor RA.^[@ref2]^

Anemia is a common manifestation of RA that reduces quality of life, and increases morbidity. Anemia of chronic disease (ACD) is the most common cause of anemia occurring in patients with RA, however, iron deficiency (IDA) caused by gastrointestinal bleeding associated with drug treatment is also frequent and may coexist with ACD.^[@ref3]^ Proinflammatory stimuli inhibit erythropoiesis and decreases the iron available for heme synthesis. Inflammation-induced increased levels of hepcidin reduce intestinal iron absorption and iron release from macrophages. This is done through interaction, internalization, and degradation of the cellular iron exporter ferroportin. Consequently, the total body iron content is normal, but less iron is available for erythropoiesis.^[@ref4]^ Hepcidin is proposed to be a central regulator of intestinal iron absorption and iron recycling by macrophages.^[@ref5]^

Ferritin is a major intracellular iron storage protein. Serum ferritin reflects the iron stores and results from leakage from tissue or intracellular fluids and in health there is a relationship between the two. Serum ferritin is an acute-phase reactant and there are gender differences, these make ferritin somewhat less than an ideal test for determining iron deficiency.^[@ref6]^

In RA, systemic inflammation as reflected by elevated C-reactive protein (CRP) concentrations is generally considered to result from the effect of inflamed joint-derived IL-6 on the liver.^[@ref7]^ Erythrocyte sedimentation rate (ESR) is also used as a marker of inflammation in patients with RA and for evaluation and monitoring disease activity.^[@ref8]^ Aim of the study is to investigate the role of circulating hepcidin and to assess its correlations with iron status, DAS28 score, CRP and ESR and to uncover the frequency of IDA in patients with RA.

Materials and Methods {#sec1-2}
=====================

This case-control study included 51 patients (10 males and 41 females) with RA. All patients fulfilled both the 1987 revised criteria for the classification of RA of the American College of Rheumatology (ACR) hospital and the 2010 ACR/ European League Against Rheumatism criteria.^[@ref1]^ All patients were on methotrexate treatment, folic acid and low dose steroid and all of them except one were on biological agent (anti-TNFα). DAS28 measurements were assessed and calculated according to DAS28-ESR formula,^[@ref2]^ using a calculator version 1.2.

Anemia was defined, according to the World Health Organization criteria, as a hemoglobin (Hb) concentration of \<13 g/dL for men and \<12 g/dL for women.^[@ref4]^ Classification of anemia types to ACD, IDA and combined ACD/IDA was based on the criteria mentioned by Van Santen and Worwood,^[@ref4],[@ref9]^ as follows:

IDA is considered when transferrin saturation percentage (TSAT%) is \<16 and serum ferritin \<30 ng/mL and CRP \<10 mg/L or ESR \<30 mm/1^st^ hour.^[@ref4],[@ref9]^

ACD is considered when TSAT% is ≥16 and serum ferritin ≥100 ng/mL and CRP ≥10 mg/L or ESR ≥30 mm/1^st^ hour.

IDA/ACD is considered when TSAT% is \<16 and serum ferritin \<100 ng/mL and CRP ≥10 mg/L or ESR ≥30 mm/1^st^ hour.

Active inflammation was considered when CRP ≥10 mg/L and/or ESR ≥30 mm/1^st^ hour.^[@ref4]^ Patients' exclusion criteria included pregnant or lactating mother, any history of blood transfusion within the last 3 months, recent acute blood loss, hemolysis, menorrhagia and hemorrhoids, any signs or symptoms of renal, hepatic, endocrine, or malignant disease, presence of acute or chronic infections, and juvenile rheumatoid arthritis. Thirty normal healthy volunteers, age- and sex-matched, were enrolled in this study as a control group. Blood was withdrawn and auto-analyzed for complete blood counts, serum iron, total iron binding capacity, and ferritin. Hepcidin-25 and high sensitivity CRP (hs-CRP) were measured by enzyme-linked immunosorbent assay.

Statistical analysis: median and interquartile range (IQR) were used to describe the data. Mann-Whitney *U* test was used to analyze data between groups. P-value used to calculate the difference among the groups using Kruskal-Wallis test non-parametric method. Spearman correlation was used to show the degree of correlation between hepcidin25 and other variables. P-values were considered significant if less than 0.05.

Results {#sec1-3}
=======

The mean age was 45.41±10.33 years and the range was (23-65). According to the level of DAS28-ESR score, the majority of patients (58.8%) had high disease activity (\>5.1), 33.4% had moderate activity (\>3.2-≤5.1) and only 7.8% showed low disease activity (\>2.6 - ≤3.2) whereas none had non-active disease. ACD was found in 37.3% (19/51) of patients, IDA in 11.8% (6/51), ACD/IDA in 17.6% (9/51) and 33.3% (17/51) of patients were non-anemic (NA) as shown in [Figure 1](#fig001){ref-type="fig"}. The lowest median Hb was seen in IDA patients followed by IDA/ACD and ACD ([Table 1](#table001){ref-type="table"}). The median level of mean cell volume (MCV) in ACD was lower than shown in control and NA groups and was higher than seen in IDA and ACD/IDA (P\<0.001). The MCV showed highly significant differences when compared between the 3 types of anemia with the NA and control group ([Table 2](#table002){ref-type="table"}). Furthermore, the differences were also significant when MCV was compared between ACD and each of ACD/IDA and IDA (P=0.016 and 0.017, respectively). The median levels of serum iron and transferrin saturation percentage were lowest and subnormal in ACD/IDA followed by IDA and were normal in control and NA groups (P≤0.001). The lowest median value of ESR was seen in IDA and hs-CRP was significantly higher in ACD when compared with all other groups (P\<0.001) as illustrated in [Table 3](#table003){ref-type="table"}. NA group showed insignificant differences in hs-CRP when compared with IDA or ACD/IDA ([Table 4](#table004){ref-type="table"}). Disease activity score 28 was higher in anemic subgroups than NA group (P=0.002). The differences between ACD and ACD/IDA and between IDA and NA groups were statistically insignificant. In IDA and ACD/IDA groups, the ferritin levels were much less than in NA and control groups (P≤0.007). Serum hepcidin 25 median level in ACD was much higher than in control and the other RA groups, and in IDA and ACD/IDA groups the hepcidin levels were less than that in non-anemic and control groups with statistically significant differences (P\<0.001).

Variables like ferritin, hs-CRP, DAS28, and ESR were strongly and positively correlated with hepcidin (P\<0.001 for each), while Hb, serum iron, and total iron binding capacity were negatively correlated with hepcidin with P-values of 0.016, 0.022, and \<0.001, respectively. Correlation between transferrin saturation percentage and serum hepcidin was statistically insignificant ([Table 5](#table005){ref-type="table"}).

Discussion {#sec1-4}
==========

In the current study, the prevalence of anemia was 66.7% which is comparable to those reported by Song *et al*.,^[@ref10]^ Borah *et al.*,^[@ref11]^ Sabău *et al*.^[@ref12]^ (66%, 64% and 70.4%, respectively). This study excluded various causes of anemia such as hemolysis, pregnant and lactating mother, menorrhagia, hemorrhoids. Otherwise actual frequency of anemia in RA would be much higher.

ACD was observed in 55.9% (19/34) of anemic patients. This finding is consistent with results of Sabău *et al*.,^[@ref12]^ and Borah *et al*.,^[@ref11]^ who found that ACD in anemic RA patients is present in (52.6% and 60%, respectively). This reflects the fact that ACD is the commonest type of anemia in RA.^[@ref11]^ About 17.6% (6/34) of RA anemic patients had solely IDA which is mainly related to steroid and non-steroidal anti-inflammatory drug use that causes occult gastrointestinal blood loss.^[@ref13]^

In these cases, it also linked with dietary iron deficiency or malabsorption. Majority of our RA patients are females whom as a consequence of menstrual bleeding, may suffer from IDA.^[@ref14]^ It is important to identify ACD with concomitant IDA in RA since patients would benefit symptomatically from iron therapy. Treatment with iron in RA patients without iron deficiency may aggravate arthritic symptoms and may fail to manage anemia.^[@ref3]^ About 26.5% (9/34) of anemic RA patients had IDA and ACD at the same time, and this was comparable to the study of van Santen *et al*.,^[@ref4]^ who found 8/40 (20%) of RA patients have concurrent IDA/ACD. Patients in ACD group had higher median Hb, MCV, and serum iron levels than those in IDA and ACD/IDA groups. These findings are to some extent congruent with the study conducted by Sabău *et al*.^[@ref15]^ which showed RA with ACD had higher Hb levels than RA with ACD/IDA. These results were similar to the work of Santen *et al*.^[@ref4]^ Chronic disease anemia is classically mild anemia associated with low serum iron and high or normal serum ferritin levels.^[@ref16]^

The median ESR value in ACD was the highest, however, the difference between ACD and ACD/IDA was statistically insignificant. This is in agreement with the studies of Santen *et al.*^[@ref4]^ and Sabău *et al.*^[@ref12],[@ref15]^

The CRP was significantly higher in ACD when compared with the other groups. Similar findings were reported by van Santen *et al*.^[@ref4]^ and Săbau *et al*.^[@ref12]^ that revealed statistically significant differences in CRP between anemic group and NA group. Emeraha *et al*.^[@ref17]^ also found that ESR and CRP were higher in RA patients with anemia than NA patients. Hs-CRP was raised in RA groups when compared with control, similar to results reported by van Santen *et al*.^[@ref4]^ and Shrivastavaa *et al*.^[@ref18]^

DAS28 score was significantly higher in the ACD and ACD/IDA *versus* NA groups whereas there was no significant difference between ACD and ACD/IDA or between IDA and NA. These findings are consistent with those of Basak *et al.*^[@ref3]^ who revealed a statistically significant difference between ACD and NA patients and reported insignificant difference between ACD alone and ACD with co-existent IDA patients. This may be due to smaller scale of the study and the interruption of disease activity by intake of multiple drugs. Patients from anemic subgroups ACD, ACD/IDA have more severe disease than patients from NA group as reflected by CRP, ESR and DAS28 score.^[@ref12]^ The presence of IDA in RA patients was associated with a lower ESR value and subsequent lower DAS 28 score. Serum hepcidin in RA patients with ACD and NA was higher than in control and this was statistically significant. This was similar to the study of Dagli *et al.*^[@ref19]^ who found significantly higher serum prohepcidin and hepcidin levels in patients with RA compared to healthy controls. Hepcidin 25 also showed the highest value in ACD compared with ACD/IDA, IDA, NA groups and control, and was statistically significant. Similar results were obtained by van Santen *et al*.,^[@ref4]^ Demirag *et al*.,^[@ref20]^ and Abdel-Khalek *et al.*^[@ref21]^ In the current study, the lowest hepcidin median level was found in IDA RA group where hepcidin suppression leads to induction of iron absorption from the gut, and therefore, it is a potential biomarker to assess iron deficiency in patients with inflammatory conditions.^[@ref4]^

The study demonstrated that in the 51 RA patients, hepcidin 25 concentration was positively correlated with ESR, CRP and DAS28. This result is in agreement with studies done by Sabău *et al*.,^[@ref15]^ Abdel-Khalek *et al*.,^[@ref21]^ Sellam *et al.*,^[@ref22]^ and Song *et al*.^[@ref10]^ There is also a positive strong correlation between hepcidin 25 and ferritin, similar to findings by Osman *et al*.^[@ref23]^ and Song *et al.*^[@ref10]^ indicating that hepcidin is a useful biomarker for detection of active inflammation and it reflects disease activity of RA patients. An inverse correlation was shown between hepcidin 25 and Hb, similar results were reported by Demirag *et al*.^[@ref20]^ and Sabău *et al*.^[@ref15]^ The serum hepcidin level is found to be a significant predictor for Hb level. Hepcidin concentration was significantly and inversely correlated with serum iron, a result which is comparable to the study of Sabău *et al*.^[@ref15]^ It is found that experimental hepcidin increase in humans, induced by IL-6 infusion, is accompanied by a decrease in serum iron levels.^[@ref20]^ Swellam *et al.*^[@ref24]^ found that hepcidin is significantly correlated with laboratory anemia profile indicating that hepcidin binds to, and degrades ferroportin, thus reduces intestinal absorption of iron and blocks mobilization of iron from macrophages and hepatocytes, causing low serum iron and anemia through decreased iron reutilization.

The study showed a negative correlation between hepcidin 25 and TIBC, in agreement with results from Isaacs *et al*.,^[@ref25]^ who suggested that at baseline, hepcidin levels were inversely correlated with TIBC, underscoring the role of hepcidin in reducing iron bioavailability.

Conclusions {#sec1-5}
===========

In conclusion, ACD is the most commonly encountered type of anemia in RA patients, however, IDA alone or combined with ACD was present in about a third of patients. Low serum hepcidin25 is a potential biomarker to assess iron deficiency in RA patients and high levels reflect disease activity and is a significant predictor for a lower Hb level.
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###### 

Hematological parameters and serum iron status in RA patients and control.

  Variables                   RA group (N=51)                 Control (N=30)   P value[\*](#tfn1){ref-type="fn"}   
  -------------- ------------ ----------------- ------------- ---------------- ----------------------------------- ---------
  Hb (g/dL)      11.5 (2.2)   9.9 (1.3)         10.2 (1.4)    12.7 (0.9)       13.3 (2.6)                          \<0.001
  MCV (fl)       79.8 (7.2)   72.8(7)           67.7 (13.1)   84(5)            85 (4.8)                            \<0.001
  Iron (µg/dL)   42(30)       22(9)             17 (13.5)     55(15)           81.5 (37.5)                         \<0.001
  TSAT (%)       17.1 (2.9)   6 (2.4)           4.4 (3.7)     18.2 (4.9)       25.1 (11.1)                         \<0.001

\*P values were calculated using Kruskal-Wallis test non parametric method. Data are presented as median and IQR.

###### 

Comparison of the hematological parameters and iron status in the study population (P value).

  Variables      ACD *vs.* ACD/IDA   ACD *vs.* NA   ACD/IDA *vs.* NA   ACD *vs.* control   IDA *vs.* NA   ACD/IDA *vs.* control   NA *vs.* control   IDA *vs.* control   ACD *vs.* IDA
  -------------- ------------------- -------------- ------------------ ------------------- -------------- ----------------------- ------------------ ------------------- ---------------
  Hb (g/dL)      0.055               \<0.001        \<0.001            \<0.001             \<0.001        \<0.001                 0.136              \<0.001             0.065
  MCV (fl)       0.016               0.006          \<0.001            \<0.001             \<0.001        \<0.001                 0.006              \<0.001             0.017
  Iron (µg/dL)   0.001               0.012          \<0.001            \<0.001             0.001          \<0.001                 0.001              \<0.001             0.002
  TSAT (%)       \<0.001             0.526          \<0.001            \<0.001             \<0.001        \<0.001                 \<0.001            \<0.001             \<0.001

###### 

Acute inflammatory markers and DAS 28 score in the study group (n=81).

  Variables                         RA group (N=51)                 Control (N=30)   P value[\*](#tfn2){ref-type="fn"}   
  ------------------- ------------- ----------------- ------------- ---------------- ----------------------------------- ---------
  ESR (mm/1^st^ hr)   61(23)        25 (15.9)         50 (29.5)     34(22)           9 (3.3)                             \<0.001
  CRP (mg/L)          12.3 (0.9)    5.1(4)            4.5 (7.8)     4.3 (7.5)        0.9 (1.7)                           \<0.001
  DAS (28 score)      6.1 (1.2)     5.2 (1.6)         5.8 (0.9)     3.6 (2.2)        \-                                  0.002
  Ferritin (ng/mL)    107 (202.3)   10.3 (12.1)       15.6 (27.7)   35.8 (33.1)      47 (51.5)                           \<0.001
  Hepcidin (ng/mL)    35 (43.9)     4 (2.8)           4.5 (6.9)     8.9 (11.4)       5.7 (5.1)                           \<0.001

\*Data are presented as median and IQR.

###### 

Comparison of acute inflammatory markers and DAS 28 score in 51 RA patients (P values).

  Variables          ACD *vs.* ACD/IDA   ACD *vs.* IDA   ACD *vs.* NA   ACD *vs.* control   ACD/IDA *vs.* NA   ACD/IDA *vs.* control   IDA *vs.* NA   IDA*vs.* control   NA*vs.* control
  ------------------ ------------------- --------------- -------------- ------------------- ------------------ ----------------------- -------------- ------------------ -----------------
  ESR (mm/1^st^hr)   0.49                0.002           0.005          \<0.001             0.022              \<0.001                 0.039          0.003              \<0.001
  CRP (mg/L)         0.004               0.003           0.001          \<0.001             0.936              0.004                   1              0.001              \<0.001
  DAS28 score        0.337               0.022           0.001          \-                  0.011              \-                      0.183          \-                 \-
  Ferritin (ng/mL)   \<0.001             \<0.001         \<0.001        0.001               0.007              0.003                   0.002          0.001              0.917
  Hepcidin (ng/mL)   \<0.001             \<0.001         0.001          \<0.001             0.063              0.726                   0.007          0.361              0.003

###### 

Correlation of serum hepcidin with some variables in 51 RA patients.

                     Spearman Correlation   P-values
  ------------------ ---------------------- ----------
  Hepcidin (ng/mL)   1                      \-
  Ferritin (ng/mL)   0.69                   \<0.001
  HsCRP (mg/L)       0.619                  \<0.001
  DAS 28 score       0.535                  \<0.001
  ESR (mm/1^st^hr)   0.513                  \<0.001
  Hb (g/dL)          -0.266                 0.016
  Iron (µg/dL)       -0.255                 0.022
  TIBC (µg/dL)       -0.587                 \<0.001
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